The effects of serum, fibroblast growth factor, dexamethasone, and insulin on the morphology of two lines of BALB/c 3T3 cells are described and illustrated. Fibroblast growth factor, a polypeptide purified from bovine brain and pituitary glands, stimulates DNA synthesis and cell division in both sparse and confluent cultures of quiescent 3T3 cells. Cell Culture. Two lines of BALB/c 3T3 cells maintained in this laboratory were used. They have been described elsewhere (2). Cells were cultured at 370 in a CO2 incubator in Dulbecco's modified Eagle's medium.
state in low serum; they appear rounded with long processes and show no sign of contact inhibition. When dexamethasone is present with the growth factor, the cells grow to a high density and are not contact-inhibited; they have the appearance of transformed cells. Addition of insulin or dibutyryl cyclic AMP to the cells results in a morphology similar to that of cells growing in the presence of serum. Addition of growth factor or growth factor plus dexamethasone to cells that have reached confluency in 10% serum and that are clearly contact-inhibited results in the resumption of growth. The final cell density reached is similar to that of cells growing in the presence of 30% serum with daily fluid changes. No contact inhibition is observed in either of these situations.
In other communications (1, 2) we have shown that a recently isolated polypeptide hormone, fibroblast growth factor, can, in combination with a glucocorticoid, completely replace added serum to initiate DNA synthesis in sparse, quiescent 3T3 cell populations. We have also demonstrated that in medium containing a low serum concentration (0.6%), growth factor alone supports only one or two division cycles while growth factor in combination with glucocorticoids sustains continuous growth (3) . When growth factor plus a glucocorticoid are added to confluent cultures grown in 10%o serum, "contact inhibition" is overcome and growth resumes (3) .
In this paper we report on the morphology of cells growing in the presence of various combinations of fibroblast growth factor, insulin, and the glucocorticoid, dexamethasone, and compare it to that seen when cells are grown in the presence of serum.
MATERIALS AND METHODS
Materials. Fibroblast growth factor was purified from bovine pituitary glands as described (1) . It was greater than 95% pure on acrylamide gel electrophoresis and had a molecular weight of 13,400. Dexamethasone, bovine insulin, and dibutyryl cyclic AMP (Bt2cAMP) were obtained from Sigma; crystalline bovine serum albumin was from Schwarz/Mann. Sera were from Gibco, and trypsin was obtained from Nutritional Biochemicals Corp. Tissue culture dishes were from Falcon Plastics.
Cell Culture. Two lines of BALB/c 3T3 cells maintained in this laboratory were used. They have been described elsewhere (2). Cells were cultured at 370 in a CO2 incubator in Dulbecco's modified Eagle's medium.
For the study of growing cultures, confluent cultures grown in 10% calf serum were trypsinized with 0.25% (w/v) trypsin. Trypsinization was stopped with 30% horse serum, and the cell suspension was centrifuged. The pellet was resuspended in medium, and 8 X 104 cells were plated per 6-cm dish in 5 ml of medium containing 5%0 calf serum. One day later the medium was removed, the cells were washed once with Eagle's medium, and 5 ml of medium with 0.6% calf serum was added. Two to 4 days later, the materials to be investigated were added to the dishes. Fibroblast growth factor was added in 251AI of a 0.5% solution of crystalline bovine serum albumin to make a final concentration of 25 (Fig. 1A) were supplemented with 10% serum, they grew to confluency and appeared as typical contact-inhibited cells (Fig. 1B) . In contrast, cells grown in the presence of growth factor (Fig. 1G) grew to a lower density (Table 1) ; they ceased dividing after one or two cycles (3). These cultures were characterized by two morphologically distinct cell populations; the majority were rounded and attached to the plates by a few long processes ("spidery" cells); the remainder, 10-20%, were flat and looked somewhat like the controls (Fig. 1A) . When cells were maintained in the presence of growth factor plus dexamethasone (Fig. ID) ,ug/ml of dexamethasone, or 25 ng/ml of growth factor + 1 jug/ml of dexamethasone + 1 jug/ml of insulin were added daily. (Additions during initial growth are indicated to the left of the "+" sign; additions to cultures when they reached maximal density are indicated to the right of the "+" sign.) Final cell densities can be compared to that reached in the presence of 30% serum with daily fluid changes.
cells. The final cell density of cells grown in growth factor plus dexamethasone was higher than that observed in the presence of growth factor alone ( Table 1) .
The cells grown in the presence of growth factor alone resembled 3T3 temperature-sensitive mutants lacking adenylate cyclase (4). Since cAMP has been held responsible for cell morphology because it promotes the formation of a microtubular cytoskeleton, we added Bt2cAMP to cells grown in the presence of growth factor. When Bt2cAMP was added, no change was seen (Fig. 1H) . However, when Bt2cAMP was added to cells grown in the presence of growth factor plus dexamethasone, the "spidery" cells tended to flatten out (Fig. lE) . When Bt2cAMP was added to cells grown in the presence of 10% serum, no change in their morphology was observed (Fig. 1C) .
That cells maintained in the presence of fibroblast growth factor did not respond to Bt2cAMP while cells maintained in the presence of growth factor plus dexamethasone did respond suggested that the cells maintained in growth factor were dead. To explore that possibility, 10% serum was added to the cultures. As shown in Fig. 11 , the cells maintained in growth factor responded to the addition of serum by flattening out. This observation suggested that some factor in serum other than growth factor is responsible for cell morphology, or, alternatively that serum protects the cell against some noxious action of growth factor. When serum was added to cells maintained in the presence of growth factor plus dexamethsone, the flattening of the cells was more pronounced than when Bt2cAMP was added (Fig. IF) , and the cells appeared more like those in 10% serum (Fig. IB) . The conditions. Cells (8 X 104) were plated per 6-cm dish in 5% serum. After 1 day, the medium was changed to 0.6% serum. Two days later the materials to he investigated were added. After 5 days, photographs were taken at a magnification of X46 with phase contrast optics. A, control; B, 10% serum; C, same as B but with 1 mM Bt2cAMP added 24 hr before the photograph was taken; D, 25 ng/ml of growth factor + 1 pg/ml of dexamethasone added daily; E, same as 1) but with 1 mM\ Bt2cAMP added 24 hr before photograph was taken; F, same as 1) but with 10% serum added 24 hr before photograph was taken; G, 25 ng/ml of growth factor added daily; H, same as G but with 1 Fig. 2A) , their morphology was similar to that already described for 3T3A cells (Fig. 1G) . When insulin was present together with growth factor, the cells looked slightly more like Appearance of 3T3B cells grown under various culture conditions. The experiment was performed as described in the legend for Fig. 1 . A, 25 ng/ml of growth factor added daily; B, 25 ng/ml of growth factor + 1 Ag/ml of insulin added daily; C, 25 ng/ml of growth factor + 1 ug/ml of dexamethasone added daily; D, 25 ng/ml of growth factor + 1 jug/ml of dexamethasone + 1 ,ug/ml of insulin added daily.
sparse cells maintained in the presence of serum and the proportion of rounded cells was lower (Fig. 2B) . When 3T3B cells were grown in the presence of growth factor plus dexamethasone, they tended to be "spidery" with no contact inhibition noted (Fig. 2C) . They looked like transformed cells. The two cell populations already described for Fig. 1D were present. When the cells were grown in the presence of growth factor plus dexamethasone plus insulin (Fig. 2D) D flatter, appearing more like cells grown in 10% serum, and their juxtaposition was more like that of "contact-inhibited" cells. Their final density was slightly higher than that of cells grown with growth factor plus dexamethasone alone (Table   1 ).
We concluded that while insulin has no pronounced effect on the rate of growth or final density (3) (except in the presence of growth factor alone, in which case the final density was higher with insulin; Table 1 ), it has an effect on the morphology of the cells maintained in the presence of growth factor plus dexamethasone. Cells growing in growth factor plus dexamethasone plus insulin looked more like "contact-inhibited" cells grown in 10% serum than did these growing in growth factor plus dexamethasone without insulin.
Effect of the Addition of Serum on Cultures Grown in the Presence of Growth Factor Plus Dexamtthasone or Growth
Factor Plus Dexamethasone Plus Insulin. When serum was added to confluent 3T3B cells grown in 10% serum (Fig. 3A) , no change in morphology was noted (Fig. 3D) . They remained contact-inhibited, although a slight increase in cell number was observed (Table 1) . In contrast, when serum was added to cells that had reached their final density in the presence of growth factor plus dexamethasone (Fig. 3C ) or growth factor plus dexamethasone plus insulin (Fig. 3B ), growth resumed ( Fig. 3E and F) . The final density, after the addition of serum, was highest in the cultures that had been grown in growth factor plus dexamethasone plus insulin, next highest in the cultures grown in growth factor plus dexamethasone, and lowest in the cultures grown in 10% serum ( Table 1 ). The cells grown in the presence of growth factor plus dexamethasone to which serum was added showed a complete loss of contact inhibition (Fig. 3F) , looking much like transformed cells. When insulin was present (Fig. 3E) sign of contact inhibition and their morphology was similarto that of 3T3B cells that had been grown in the presence of 30% serum and with a daily change of fluid (Fig. 4) . Cells grown with daily changes of medium containing 30% serum reached a density (3.4 X 106 cells per dish) comparable to that of the cells grown in growth factor plus dexamethasone plus insulin to which serum was later added (Table 1 ). It appears that when serum is added to 3T3 cells grown in the presence of growth factor plus dexamethasone, the cells reach densities much higher than that of cells maintained in the presence of 10% serum. It also appears that their morphology tends to be more like that observed in presence of serum when insulin is present in the medium.
Effect of Addition of Growth Factor, Growth Factor Plus
Dexamethasone, and Growth Factor Plus Dexamethasone Plus Insulin to Cultures Grown in 10% Serum or 10% Serum Plus Growth Factor. Since the addition of 10% serum to cells grown in growth factor plus dexamethasone or growth factor plus dexamethasone plus insulin resulted in a resumption of growth (the final density being higher than that of cells grown in the presence of 10% serum alone), we investigated the effect of growth factor alone, growth factor with dexamethasone, and growth factor with dexamethasone and insulin on cells that had reached confluency in the presence of serum alone or in serum plus growth factor.
When cells were grown to confluency in the presence of serum, they showed a morphology typical of contact-inhibited cells (Fig. 5A) , and their morphology was not altered when serum was added (Fig. 5B) , although a small increase in cell number was observed (Table 1) . When growth factor alone was added to cultures grown in 10% serum, the cells tended to become elongated and assumed a morphology like that observed in cultures grown in growth factor plus dexamethasone. Contact inhibition was broken and the cells grew in multiple layers (Fig. 5C ). When growth factor plus dexamethasone (Fig. 4D) or growth factor plus dexamethasone plus insulin (Fig. 5E) was added, the cells were flatter but did grow to higher densities and contact inhibition was again not seen. The final cell density observed when growth factor plus dexamethasone or growth factor plus dexamethasone plus insulin were added was similar. However, the morphology in the presence of insulin was more like that of 3T3 cells grown in 30% serum and with a change of fluid every day; under both conditions, no contact inhibition was observed (Figs. 4 and  5E ).
When cells reached confluency in the presence of serum plus growth factor, their density was higher than in cultures with serum alone (Table 1) . Their morphology (Fig. 5F ) was similar to that observed when growth factor was added to cells that had reached confluency in the presence of serum (Fig.  5C ). No contact inhibition was seen. When serum was added to cells grown to confluency in growth factor plus serum, rapid growth resumed (unlike the case when serum was added to cells grown in the presence of serum) and the cells grew in multiple layers (Fig. 5G) . Similar results were obtained when growth factor plus dexamethasone was added to the culture, but the cells were flatter and grew to higher density ( Fig. 5H ; Table 1 ).
An important point to consider is that in the experiments described here, growth factors and conditioning factors were added without a change of medium, so that the final density reached was not limited by growth factor concentration but was probably limited by the concentrations of essential amino FIG. 4. Appearance of 3T3B cells grown in 30% serum with daily changes of medium. Cells (8 X 104) were plated per 6-cm dish in 30% serum. The medium was changed daily. The photograph was taken 7 days after plating at a magnification of X77, with phase-contrast optics.
acids. Amino-acid analysis showed that only 20% of the original concentration of cysteine was present in the medium at the time when the final cell density was reached in cultures grown in dexamethasone plus growth factor plus insulin.
DISCUSSION
Insulin Effect. We concluded from earlier studies that insulin is not a growth-promoting agent in our lines of 3T3 cells; it does, however, have an effect on the morphology of 3T3 cells when they are grown in the presence of growth factor plus dexamethasone (Fig. 3) . The morphology of cells growing in growth factor plus dexamethasone is more like that of cells growing in the presence of serum when insulin is present than when it is absent. It has been shown by scanning and transmission electron microscopy that insulin rapidly reverses changes in membrane surface conformation induced by the transfer of actively growing Balb/c 3T3 cells from a serumcontaining medium to a serum-free one, thus suggesting the importance of insulin as a conditioning factor (5). The experiment was performed as described in the legend for Fig. 1 . A, 10% serum; B, same as A but 4 days after addition of an additional 10% serum; C, same as A but after four daily additions of 25 ng/ml of growth factor; D, same as A but after four daily additions of 25 ng/ml of growth factor + 1 ug/ml of dexamethasone; E, same as A but after four daily additions of 2.5 ng/ml of growth factor + 1 /Ag/ml of dexamethasone + 1 .ug/ml of insulin; F, 10% serum + daily additions of 25 ng/ml of growth factor; G, same as F but 4 days after addition of an additional 10% serum; H, same as F but after four daily additions of 25 ng/ml of growth factor + 1 pug/ml of dexamethasone.
cessation of growth at confluency may reflect a transition from a proliferative stage to a resting stage, under very strict control of serum growth factors (7) . It has been observed that when 3T3 cells are maintained in 30% serum with a change of fluid daily, contact inhibition is not seen; the cells grow to a very high density (7). We have repeated this experiment, and a typical culture is pictured in Fig. 4 . On the basis of this experiment, we suspect that contact inhibition is not a mechanism of growth control but rather reflects the depletion of growth factors from serum, as suggested by Holley and Kiernan (7) .
Dulbecco and Elkington (8) demonstrated that the multiplication of fibroblasts in plastic dishes is not limited by the available surface area; on the contrary, multiplication is promoted by shorter intercellular distances (suggesting a distance-dependent "helper effect" among cells).
The pH of the medium is also a factor in the regulation of cell growth. According to Eagle (9, 10) , intercellular contact as such is not the most important factor in the arrest of growth in crowded cultures. The cell density reached varies with the pH and the serum content of the medium, with both factors operating independently. Adjusting these two variables allows the modification of the final cell density. At optimal pH and serum concentration, some normal cells attain densities comparable with those attained by transformed cells.
The pH effect on cell growth may explain why cells start to divide at the periphery of a wound made in a cell monolayer even when the cells are maintained in medium depleted of serum growth factors (11) since Stoker (12) has shown that cell division at the edge of a wound in a cell layer may depend on the induced variation in the microenvironment of the cells, rather than on alteration in actual intercellular contact.
In this report we have shown that "contact inhibition" can also be broken by addition of a growth-promoting factor to the medium. Since we have purified it, we are in a position to add it to cultures to a concentration that may be equivalentto a serum concentration of 100% or even higher. Under these conditions, no contact inhibition is observed.
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